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PROCESS FOR PRODUCTION OF A C ARBOXYLIC ACID/DIOL 
MIXTURE SUITABLE FOR USE IN POLYESTER PRODUCTION 

5 FIELD OF INVENTION 

The present invention relates to a process by which a carboxylic 
acid/diol mixture is obtained from a slurry or cake carboxylic acid product 
without isolation of a substantially dry carboxylic acid solid. More 
.10 specifically, the present invention relates, to a process by which a 

terephthalic acid/diol mixture suitable as a starting material for polyester or 
co-polyester production is obtained from a slurry or cake terephthalic acid 
product without isolation of a substantially dry terephthalic acid solid. 

15 

BACKGROUND OF THE INVENTION 

Pursuant to the goal of making polyethylene terephthalate (PET) and 
20 other polyesters or co-polyesters, a great deal of patent literature is 

dedicated to describing the processes for preparing a carboxylic acid/diol 
mixture suitable as starting material. In general, these inventions describe 
specific mixing schemes with a purified terephthalic acid solid and liquid 
ethylene glycol. Additionally, there is substantial body of literature devoted 
25 to describing the production of a purified terephthalic acid in powder form 
that is suitable for use in producing PET and other polyesters or co- 
polyesters. 
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The objective of this invention is to describe a process by which the 
carboxylic acid/diol mixture suitable as a starting material for polyester or 
co-polyester production is obtained from a slurry or cake carboxylic acid 
product without isolation of a substantially dry carboxylic acid solid. More 
5 specifically, the objective of this invention is to describe a process by which 
a terephthalic acid/diol mixture suitable as a starting material for polyester 
or co-polyester production is obtained from a slurry or cake terephthalic 
acid product without isolation of a substantially dry terephthalic acid solid. 

Usually, purified terephthalic acid solid is produced in a multi-step 
10 process wherein a crude terephthalic acid is produced. Liquid phase 
oxidation of p-xylene produces crude terephthalic acid. The crude 
terephthalic acid does not have sufficient quality for direct use as starting 
material in commercial PET. Instead, the crude terephthalic acid is usually- 
refined to purified terephthalic acid solid. 

15 Usually, in terephthalic acid purification processes, the crude 

terephthalic acid is dissolved in water and hydrogenated for the purpose of 
converting 4-carboxybenzaldehyde to p-toluic acid, which is a more water- 
soluble derivative, and for the purpose of converting characteristically 
yellow compounds to colorless derivatives. Significant 4- 

20 carboxybenzaldehyde or p-toluic acid in the final purified terephthalic acid 
product is particularly detrimental to polymerization processes as each can 
act as a chain terminator during the condensation reaction between 
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terephthalic acid and ethylene glycol in the production of PET. Typical 
purified terephthalic acid contains on a weight basis less than 25 parts per 
million (ppm) 4-carboxybehzaldehyde and less than 150 ppm p-toluic acid. 

A number of other processes have been developed where a 
5 terephthalic acid suitable as starting material for commercial PET 
production is produced without the use of hydrogenation. Typically, 
terephthalic acid production processes usually involve catalyzed oxidation 
of p-xylene in an acetic acid solvent followed by filtration and drying of the 
terephthalic acid. 

10 To produce a terephthalic acid/diol mixture acceptable for PET 

production from a slurry or cake terephthalic acid product poses a 
substantially different problem than from a dry terephthalic acid powder. 

Typically, terephthalic acid (TPA) produced via catalyzed oxidation of 
p-xylene in an acetic acid solvent produces a slurry or cake terephthalic 

15 acid product that contains residual catalyst (e.g cobalt, manganese, and 
bromine compounds). In a common method of producing a substantially 
dry TPA solid from a slurry or cake terephthalic acid product, the slurry or 
cake terephthalic acid product is filtered to separate a substantial amount of 
the acetic acid liquid from the TPA solids. Residual catalyst is usually 

20 separated from the slurry or cake terephthalic acid product by washing 


(rinsing) the wet cake with catalyst-free acetic acid, water or other solvent. 
The TPA solid is isolated by drying. 

In the present invention, a novel process has been discovered 
resulting in fewer steps than the currently employed processes. The primary 
5 utility of the invention is reduction of capital and operating costs associated 
with the isolation and drying of a terephthalic acid powder. In the 
conventional approach toward producing terephthalic acid via catalyzed 
oxidation of p-xylene in an acetic acid solvent, a slurry or cake terephthalic 
acid product is filtered, washed, then dried to produce a terephthalic acid 
10 powder suitable as starting material for PET production. 

In one embodiment of the present invention, the slurry or cake 
terephthalic acid product is filtered to produce a terephthalic acid cake with 
solvent and a solvent mother liquor stream. The terephthalic acid cake with 
solvent is then washed (rinsed) with water to recover residual metal catalyst 

15 material and to produce a water-wet terephthalic acid cake and a 

solvent/water by-product liquor. The water-wet terephthalic acid cake is 
then combined with a diol to produce a terephthalic acid/diol mixture 
suitable as starting material in a commercial PET process. By eliminating 
conventional processes for isolating and drying a terephthalic acid solid, the 

20 equipment and energy necessary to produce a terephthalic acid powder is 
also eliminated. 


-5- 


Another surprising and seemingly contradictory aspect of the 
invention is the benefit of addition of water to the acetic acid and ethylene 
glycol solvents. In general, in conventional processes for producing 
terephthalic acid, it is necessary to remove water produced in the oxidation 
5 process. Typically, use of acetic acid as an oxidation solvent necessitates 
an additional process step where acetic acid and water are separated. It is 
seemingly contradictory to produce an acetic acid and water mixture when it 
can be avoided by drying the terephthalic acid from the acetic acid solvent. 

Additionally, in processes for producing PET via esterification of TPA 
10 with ethylene glycol, water is generated as a reaction by-product. In 

general, it is necessary to remove the water produced in the esterification 
process via an additional process step where ethylene glycol and water are 
separated. It is seemingly contradictory to produce an ethylene glycol and 
water mixture when it can be avoided by not introducing water with the 
15 TPA. However, a benefit of this invention is based on the premise that 
ethylene glycol/water and acetic acid/water separation systems normally 
exist for conventional TPA and PET production processes. In this 
invention, the value associated with eliminating the TPA drying can be of 
great benefit when compared to traditional TPA production processes. 


20 
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SUMMARY OF THE INVENTION 

The present invention relates to a process by which a carboxylic 
5 acid/diol mixture is obtained from a slurry or cake carboxylic acid product 
without isolation of a substantially dry carboxylic acid solid. More 
specifically, the present invention relates to a process for the production of 
a terephthalic acid/ethylene glycol mixture suitable as feedstock for the 
production of commercial PET. The resulting process can save energy and 
10 has fewer steps than currently employed processes. Specifically, the 

present invention incorporates a direct displacement of water with ethylene 
glycol. Incorporation of the displacement step eliminates the need to isolate 
a purified terephthalic acid solid and could eliminate the need for 
crystallization, solid-liquid separation, drying and solids handling equipment 
15 normally found in commercial purified terephthalic acid processes. 

It is an object of this invention to provide a process for producing a 
carboxylic acid/diol mixture from a slurry or cake carboxylic acid product 
without isolation of a substantially dry carboxylic acid solid. 

It is an object of this invention to provide a process for producing a 
20 carboxylic acid/diol mixture from a slurry or cake carboxylic acid product 

suitable as starting material for the production of polyesters or co-polyesters 
without isolation of a substantially dry carboxylic acid solid. 


It is another object of this invention to provide a process for 
producing a terephthalic acid/diol mixture from a slurry or cake terephthalic 
acid product without isolation of a substantially dry terephthalic acid solid. 

It is another object of this invention to provide a process for 
5 producing a terephthalic acid/ethylene glycol mixture from a terephthalic 
acid solvent slurry or cake without isolation of a substantially dry 
terephthalic acid solid. 

It is another object of this invention to provide a process for 
producing a terephthalic acid/ethylene glycol mixture without isolation of a 
10 substantially dry terephthalic acid solid by removing water from a water-wet 
terephthalic acid cake through the use of a carboxylic acid/diol mixing zone. 

In a first embodiment of this invention, a process for producing a 
carboxylic acid/diol mixture is provided, the process comprises: 

(a) removing in a liquor exchange zone impurities from a 

15 carboxylic acid slurry to form a water-wet carboxylic acid cake, a mother 
liquor stream, a solvent mother liquor stream, and a solvent/water 
byproduct liquor stream; 

(b) routing the water-wet carboxylic acid cake to a vapor seal 
zone; and 

20 (c) adding at least one diol to the water-wet carboxylic acid cake 

in a carboxylic acid/diol mixing zone to remove a portion of the water to 
form the carboxylic acid/diol mixture. 
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In another embodiment of this invention, a process for producing a 
carboxylic acid/diol mixture is provided, the process comprises: 

(a) removing in a solvent liquor exchange zone impurities from a 
carboxylic acid slurry to form a carboxylic acid cake with solvent, a mother 

5 liquor stream, and a solvent mother liquor stream; 

(b) adding water in a water wash zone to the carboxylic cake with 
solvent to produce a water-wet carboxylic acid cake and a solvent/water by 
product liquor stream; 

(c) routing the water-wet carboxylic acid cake to a vapor seal 
10 zone; and 

(d) adding at least one diol to the water-wet carboxylic acid cake 
in a carboxylic acid/diol mixing zone to remove a portion of the water to 
form the carboxylic acid/diol mixture. 

In another embodiment of this invention, a process for producing a 
15 carboxylic acid/diol mixture is provided, the process comprises: 

(a) removing in a solid-liquid separation zone impurities from a 
carboxylic acid slurry to form a slurry or cake carboxylic acid product and a 
mother liquor stream; 

(b) removing in a solvent-water liquor exchange zone impurities 
20 from the slurry or cake carboxylic acid product to form a water-wet 

carboxylic acid cake, a solvent mother liquor stream, and a solvent/water 
byproduct liquor stream; 
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(c) routing the water-wet carboxylic acid cake to a vapor seal 
zone; and 

(d) adding at least one diol to the water-wet carboxylic acid cake 
in a carboxylic acid/diol mixing zone to remove a portion of the water to 

5 form the carboxylic acid/diol mixture. 

In another embodiment of this invention, a process for producing a 
carboxylic acid/diol mixture is provided, the process comprises: 

(a) removing a solvent from a slurry or cake carboxylic acid 
product in a solvent-water liquor exchange zone; wherein a substantial 

10 portion of the solvent in the slurry or cake carboxylic acid product is 
replaced with water to form a water-wet carboxylic acid cake; 

(b) routing the water-wet carboxylic acid cake to a vapor seal 
zone; and 

(c) adding at least one diol to the water-wet carboxylic acid cake 
15 in a carboxylic acid/diol mixing zone to remove a portion of the water to 

form the carboxylic acid/diol mixture. 

In another embodiment of this invention, a process for producing a 
terephthalic acid/diol mixture is provided, the process comprises: 

(a) removing in a solvent wash zone impurities from a slurry or 
20 cake terephthalic acid product to form a terephthalic acid cake with acetic 
acid; 
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(b) removing a substantial portion of a solvent in a water wash 
zone from the terephthalic acid cake with acetic acid to form a water-wet 
terephthalic acid cake; and 

(c) routing the water-wet terephthalic acid cake to a vapor seal 
5 zone; and 

(d) adding at least one diol to the water-wet terephthalic acid 
cake in a carboxylic acid/diol mixing zone to remove a portion of the water 
to form the terephthalic acid/diol mixture. 

In another embodiment of this invention, a process for producing a 
10 terephthalic acid/diol mixture is provided, the process comprises: 

(a) removing a solvent from a slurry or cake terephthalic acid 
* product in a solvent liquor exchange zone; wherein a substantial portion of 
the solvent in the slurry or cake terephthalic acid product is replaced with 
water to form a water-wet terephthalic acid cake; 
1 5 (b) routing the water-wet terephthalic acid cake to a vapor seal 

zone; and 

(c) adding at least one diol to the water-wet terephthalic acid 
cake in a carboxylic acid/diol mixing zone to remove a portion of the water 
to form the terephthalic acid/diol mixture. 
20 • In another embodiment of this invention, a process for producing a 

terephthalic acid/diol mixture is provided, the process comprises: 

(a) removing in a solvent wash zone impurities from a slurry or 
cake terephthalic acid product from a terephthalic acid cake with acetic 


I 
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acid; wherein the solvent wash zone comprises at least one solid-liquid 
separation device that is operated at a temperature between about 40 °C 
to about 155 °C ; 

(b) removing a substantial portion of a solvent in a water wash 
5 zone from the terephthalic acid cake with acetic acid to form a water-wet 

terephthalic acid cake; wherein the water wash zone comprises at least one 
solid-liquid separation device that is operated at a temperature between 
about 40 °C to about 155 °C; 

(c) adding at least one diol to the water-wet terephthalic acid 

10 cake in a carboxylic acid/diol mixing zone to remove a portion of the water 
to form the terephthalic acid/diol mixture; wherein the adding occurs at a 
temperature between about 40 °C to about 290 °C; wherein the diol is 
ethylene glycol. 

In another embodiment of this invention, a process for producing a 
15 carboxylic acid/diol mixture is provided, the process comprises: 

(a) removing in a solid-liquid separation zone impurities from a 
carboxylic acid slurry to form a slurry or cake carboxylic acid product and a 
mother liquor stream; 

(b) adding solvent to a slurry or cake carboxylic acid product in a 
20 solvent wash zone to the slurry or cake carboxylic acid product to produce a 

carboxylic acid cake with solvent and a solvent mother liquor stream; 
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(c) adding water in a water wash zone to the carboxylic cake with 
solvent to produce a water-wet carboxylic acid cake and a solvent/water by 
product liquor stream; 

(d) routing the water-wet carboxylic acid cake to a vapor seal 
5 zone; and 

(e) adding at least one diol to the water-wet carboxylic acid cake 
in a carboxylic acid/diol mixing zone to remove a portion of the water to 
form the carboxylic acid/diol mixture. 

In another embodiment of this invention, a process for producing a 
10 terephthalic acid/diol mixture is provided, the process comprises: 

(a) removing in a solid-liquid separation zone impurities from a 
crude terephthalic acid slurry to form a slurry or cake terephthalic acid 
product and a mother liquor stream; 

(b) adding solvent in a solvent wash zone to the slurry or cake 
15 terephthalic acid product to produce a terephthalic acid cake with solvent 

and a solvent mother liquor stream; 

(c) adding water in a water wash zone to the terephthalic acid 
cake with solvent to produce a water-wet terephthalic acid cake and a 
solvent/water by product liquor stream; 

20 (d) routing the water-wet terephthalic acid cake to a vapor seal 

zone; and 
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(e) adding at least one diol to the water-wet terephthalic acid 
cake in a carboxylic acid/diol mixing zone to remove a portion of the water 
to form the terephthalic acid/diol mixture. 

These objects, and other objects, will become more apparent to 
5 others with ordinary skill in the art after reading this disclosure. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 illustrates one embodiment of this invention, a process for 
10 producing a carboxylic acid/diol mixture. 

Figure 2 illustrates another embodiment of this invention, a process 
for producing a carboxylic acid/diol mixture by utilizing a liquor exchange 
zone. 

Figure 3 illustrates another embodiment of this invention, a process 
15 for producing a carboxylic acid/diol mixture by utilizing a solvent-water 
liquor exchange zone. 

Figure 4 illustrates another embodiment of this invention, a process 
for producing a carboxylic acid/diol mixture by utilizing a solvent liquor 
exchange zone. 


DESCRIPTION OF THE INVENTION: 
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ln an embodiment of this invention shown in Figure 1 , a process for 
producing a carboxylic acid/diol mixture 200 is provided. The process 
comprises: 

Step (a) comprises optionally removing impurities from a carboxylic 
5 acid slurry 30 in an solid-liquid displacement zone 40 to form a slurry or 
cake carboxylic acid product 70 and a mother liquor stream 60; 

The carboxylic acid slurry comprises 30 at least one carboxylic acid, 
catalyst, at least one solvent, and impurities. The impurities typically 
comprise at least one or more of the following compounds: 4- 

10 carboxybenzaldehyde(4-CBA), trimellitic acid(TMA), and 2,6- 

dicarboxyfluorenone(2,6-DCF). Suitable solvents include, but are not 
limited to, aliphatic mono-carboxylic acids, preferably containing 2 to 6 
carbon atoms, or benzoic acid and mixtures thereof and mixtures of these 
compounds with water. Preferably the solvent is acetic acid mixed with 

1 5 water, in a ratio of about 5: 1 to about 99:1 , preferably between about 8:1 
and about 49:1 . Throughout the specification acetic acid will be referred to 
as the solvent. However, it should be appreciated that other suitable 
solvents, such as those disclosed previously, may also be utilized. The 
solvent typically comprises acetic acid, but can be any solvent that has 

20 been previously mentioned. 

The carboxylic acid slurry 30 can be produced by oxidizing in a 
oxidation zone an aromatic feed stock. In one embodiment, the aromatic 
feedstock comprises paraxylene. The oxidation zone comprises at least one 
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oxidation reactor, and the carboxylic acid slurry comprises at least one 
carboxylic acid. The oxidation reactor can be operated at temperatures 
between about 120°C and about 250°C, preferably about 140°C to about 
170°C. Typically the aromatic feed stock comprises paraxylene and the 
5 carboxylic acid comprises terephthalic acid. In one embodiment of the 
invention the oxidation zone comprises a bubble column. 

Therefore, for example, when terephthalic acid is utilized, the 
carboxylic acid slurry 30 would be referred to as terephthalic acid slurry and 
the carboxylic acid/diol mixture 200 would be referred to as a terephthalic 

10 acid/diol mixture. 

Carboxylic acids include any carboxylic acid produced via controlled 
oxidation of an organic precursor compound. For example carboxylic acids 
include aromatic dicarboxylic acids preferably having 8 to 14 carbon atoms, 
aliphatic dicarboxylic acids preferably having 4 to 12 carbon atoms, or 

15 cycloaliphatic dicarboxylic acids preferably having 8 to 12 carbon atoms. 
Other examples of suitable carboxylic acids include, but are not limited to, 
terephthalic acid, benzoic, p-toulic, isophthalic acid, trimellitic acid, 
naphthalene dicarboxylic acid, cyclohexanedicarboxylic acid, 
cyclohexanediacetic acid, diphenyl-4,4 f -dicarboxylic acid, diphenyJ-3,4'- 

20 dicarboxylic acid, 2,2,-dimethyl-1,3-propandiol dicarboxylic acid, succinic 
acid, glutaric acid, adipic acid, azelaic acid, sebacic acid, and mixtures 
thereof. 
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Terephthalic acid slurry is conventionally synthesized via the liquid 
phase oxidation of paraxylene in the presence of suitable oxidation catalyst. 
Suitable catalysts include, but are not limited to, cobalt, manganese and 
bromine compounds, which are soluble in the selected solvent. In one 
5 embodiment of the invention the catalyst comprises cobalt, bromine and 
manganese. The cobalt and manganese combined can be in 
concentrations of about 100 ppm to about 2700 ppm by weight in the liquor. 
The bromine can be in concentrations of about 1000 ppm to about 2500 
ppm by weight in the liquor. 

10 The carboxylic acid slurry 30 is fed to a solid-liquid displacement 

zone 40 capable of removing a portion of the liquid contained in the 
carboxylic acid slurry 30 to produce a slurry or cake carboxylic acid product 
in conduit 70. The removal of a portion of the liquid to produce a slurry or 
cake carboxylic acid product in conduit 70 can be accomplished by any 

15 means known in the art. A portion means at least 5% by weight of the liquid 
is removed. Typically, the solid-liquid displacement zone 40 comprises a 
solid-liquid separator that is selected from the group consisting of a 
decanter centrifuge, rotary disk centrifuge, belt filter, rotary vacuum filter, 
and the like. The carboxylic acid slurry in conduit 30 is fed to the solid- 

20 liquid displacement zone 40 comprising at least one solid-liquid separator. 
The solid-liquid separator(s) can be operated at temperatures between 
about 50°C to about 200°C, preferably 140°C to about 170°C. The solid- 
liquid separator(s) can be operated at pressures between about 0 psig to 
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about 200 psig. The solid-liquid separator in the solid-liquid displacement 
zone 40 may be operated in continuous or batch mode, although it will be 
appreciated that for commercial processes, the continuous mode is 
preferred . 

5 The impurities are displaced from the solid-liquid displacement zone 

40 into a mother liquor stream and withdrawn via line 60. In one 
embodiment of the invention, additional solvent is fed to the solid-liquid 
displacement zone 40 via line 50 to reslurry the carboxylic acid slurry 30 
and form a slurry or cake carboxylic acid product 70. When a terephthalic 

10 acid slurry is utilized in the solid-liquid separation zone 40, a slurry or cake 
terephthalic acid product is produced. The slurry or cake terephthalic acid 
product typically comprises terephthalic acid and acetic acid. The mother 
liquor 60 is withdrawn from solid-liquid displacement zone 40 via line 60 
and comprises a solvent, typically acetic acid, catalyst, and bromine 

15 compounds. The mother liquor in line 60 may either be sent to a process 
for separating impurities from oxidation solvent via lines not shown or 
recycled to the catalyst system via lines not shown. One technique for 
impurity removal from the mother liquor 60 commonly used in the chemical 
processing industry is to draw out or "purge" some portion of the recycle 

20 stream. Typically, the purge stream is simply disposed of or, if economically 
justified, subjected to various treatments to remove undesired impurities 
while recovering valuable components. Examples of impurity removal 
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processes include U.S. Patent 4,939,297 and U.S. Patent 4,356.319, herein 
incorporated by reference. 

Step (b) comprises removing in a solvent wash zone 80 residual 
impurities from a slurry or cake carboxylic acid product 70 to form a 
5 carboxylic acid cake with solvent 110 and a solvent mother liquor stream 
100. 

Conduit 70 contains a slurry or cake carboxylic acid product 70 comprising 
a carboxylic acid, residual impurities and a solvent. The residual impurities 
comprise residual catalyst (typically but not limited to cobalt, manganese, or 

10 bromine). Suitable solvents include, but are not limited to, aliphatic mono- 
carboxylic acids, preferably containing 2 to 6 carbon atoms, or benzoic acid 
and mixtures thereof and mixtures of these compounds with water. 
Preferably, the solvent is comprised of mainly acetic acid and/or some 
water. The ratio of acetic acid to water can range from 50:50 to 98:2 acetic 

15 acid to water by mass, more preferably in the range of 85:15 to 95:5, and 
most preferably in the range of 90:10 to 97:3. Suitable carboxylic acids 
include by are not limited to terephthalic acid, isophthalic acid, naphthalene 
dicarboxylic acid, trimellitic acid, and mixtures thereof. 

The slurry or cake carboxylic acid product 70 is in the range of 10- 

20 90% by weight carboxylic acid. Preferably the slurry or cake carboxylic 
acid product 70 is in the range of 25- 40% by weight carboxylic acid for a 
slurry and in the range of 70-90% by weight for the cake product. Most 
preferably, the slurry or cake carboxylic acid product 70 is in the range of 
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30-40% by weight carboxylic acid. The slurry or cake carboxylic acid 
product in conduit 70 is then introduced into a solvent wash zone 80, 
wherein a substantial portion of solvent is recovered in the solvent mother 
liquor stream in conduit 100. The solvent mother liquor 102 comprises a 
5 substantial portion of the solvent. In one embodiment of the invention, 

additional solvent can be added via conduit 90 counter current to the flow of 
the slurry or cake carboxylic acid product 70 in the solvent wash zone 80. 
The amount of stages of solvent counter current wash can be any amount 
of stages necessary to produce the carboxylic cake with solvent to the 

10 desired purity. Typically, the amount of stages in the solvent counter 

current wash can be about 1 to about 8, preferably about 2 to about 6, most 
preferably about 2 to about 4. For wash with more than one stage, counter 
current flow js preferable. Solvent counter current wash is preferable 
because typically it results in less solvent being used as compared to a 

15 process when solvent counter current wash is not utilized. 

The solvent wash zone 80 comprises at least one solid-liquid 
separation device capable of efficiently separating solids and liquids. The 
solid-liquid separation device can typically be comprised of, but not limited 
to, the following types of devices: centrifuges, cyclones, rotary drum filters, 

20 belt filters, press filters, etc. The solvent wash zone 80 comprises at least 
one solid-liquid separation device(s) 110 which can operate within a 
temperature range of from approximately 40°C to 155°C. Preferably the 
solid-liquid separation device(s) 110 can operate within a temperature 
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range of from about 80°C to about 150°C. Most preferably the solid-liquid 
separation device(s) 110 can operate within a temperature range of from 
about 90°C to about 150°C. A carboxylic acid cake with solvent 110, is 
produced wherein the moisture composition of the carboxylic acid cake with 
5 solvent 110 can be in the range of 0.5-30% by weight moisture, preferably 
in the range of 1-20% moisture, most preferably in the range of 1-10% 
moisture. Optionally, the residual solvent can be removed by a gas 
displacement step to minimize solvent contamination with wash. When the 
carboxylic acid is terephthalic acid and the solvent is acetic acid a 

10 terephthalic acid cake with acetic acid is produced. 

Step (c) comprises optionally removing a substantial portion of a 
solvent in a water wash zone 120 from the carboxylic acid cake with solvent 
110 to form a water-wet carboxylic acid cake 100 and a solvent/water 
byproduct liquor stream 140. 

15 The carboxylic acid cake with solvent 1 10, is then subjected to a 

wash or "rinsing" with water or substantially water with residual amounts of 
solvent in the water wash zone 120, wherein a substantial portion of the 
solvent is replaced with water to form a water-wet carboxylic acid cake 150. 
The water-wet carboxylic acid cake 150, is preferably in the range of about 

20 0.5% to about 30% moisture, more preferably in the range of about 1 to 

about 20% moisture, and most preferably in the range of about 1% to about 
10% moisture. The residual moisture of the water-wet carboxylic acid cake 
150, should contain less than about 2% solvent on a mass basis. 
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Additionally, the water-wet carboxylic acid cake 150 should contain less 
than 1% of any metals, preferably less than 100 ppm by weight, most 
preferably less than 10 ppm by weight , typically used as catalysts in p- 
xylene oxidation, in the slurry or cake carboxylic acid product in conduit 70, 
5 should remain in the water-wet carboxylic acid cake 1 50. Examples of 
metals include but are not limited to cobalt, and manganese. 

Wash water is introduced into the water wash zone 120 via conduit 
130. The wash water should be, on a continuous basis, comprise a mass 
feed rate in ratio with the solids in the carboxylic cake with solvent 110 in 

10 the range of about 0. 1 :1 to about 1 .5:1 , preferably in the range of about 
0.1 :1 to about 0.6:1, most preferably in the range of about 0.2:1 to about 
0.4:1 . There are no limitations on the temperature or pressure of the wash 
water including the use of vaporized water, steam, or a combination of 
water and steam, as wash. In one embodiment of the invention, wash 

15 water is introduced counter current to the carboxylic acid cake with solvent. 

Additional wash water can be added via conduit 130 counter current 
to the flow of the carboxylic acid cake with solvent 1 10 in the water wash 
zone 120. The amount of stages of water counter current wash can be any 
amount of stages necessary to produce the water wet carboxylic acid cake 

20 to the desired purity. Typically, the amount of stages in the water counter 
current wash can be about 1 to about 8, preferably about 2 to about 6, most 
preferably about 2 to about 4. For wash with more than one stage, counter 
current flow is preferable. Water counter current wash is preferable 
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because typically it results in less water being used as compared to a 
process when water counter current wash is not utilized. 

1 The water wash zone comprises a solid-liquid separation device 120 
can typically be comprised of, but not limited to, the following types of 
5 devices: centrifuges, cyclones, rotary drum filters, belt filters, press filters, 
etc. The solid-liquid separation device can be operated within a 
temperature range of from about 40°C to about 155°C. Preferably, the 
second solid-liquid separation device can operate within a temperature 
range of from about 80°C to about 150°C. Most preferably, the second 

10 solid-liquid separation device can operate within a temperature range of 
from about 90°C to about 150°C 

Optionally, the solvent/water byproduct liquor from the water wash 
zone 120, is segregated from the solvent mother liquor stream produce by 
the solvent wash zone 80. 

15 Step (d) comprises routing the water-wet carboxylic acid cake 150 to 

a vapor seal zone 160. 

The water-wet carboxylic acid cake 150 is passed through a vapor 
seal zone 160 comprising a vapor seal device, and exits the vapor seal 
device via conduit 170. The vapor seal device allows the water-wet 

20 carboxylic acid cake 150 to exit the counter current wash zone 120 but 
prevents diol from the carboxylic acid/diol mixing zone 180 from entering 
the counter current wash zone or any process zone proceeding the vapor 
seal zone 160. The vapor seal device can be any device known in the art. 
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Examples include, but are not limited to rotary air lock valve, and solid 
conveying extruders. 

Step (e) comprises adding at least one diol 190 to the water-wet 
carboxylic acid cake 170 in a carboxylic acid/diol mixing zone 180 to 
5 remove a portion from the water-wet carboxylic acid cake 170 of the water 
to form the carboxylic acid/diol mixture 200. 

Finally, the water-wet carboxylic acid cake 170, which is now 
substantially free of solvent is combined with a diol 190 in a carboxylic acid 
mixing zone 180, to form a carboxylic acid/diol mixture 200 suitable for PET 

10 production and other polyesters or co-polyesters. There are no special 
limitations on the carboxylic acid/diol mixing zone 180 with the exception 
that it comprises a device that must provide intimate contact between the 
water-wet carboxylic acid cake 170, and the diol 190 to produce a the 
carboxylic acid/diol mixture 200. Examples of such devices include, but 

15 are not limited to the following: an agitated vessel, static mixer, screw 

conveyor, PET esterification reactor(s), etc. A solid eductor could be used 
to introduce the water-wet carboxylic acid cake into the device. Nor is there 
any specific limitation on the temperature range at which the device can 
operate. However, it is preferable that the temperature of device does not 

20 exceed approximately 280°C, temperatures normally found within PET 
esterification reactors. 

At least one diol in conduit 190 can be introduced in such a manner 
as to optionally displace the water as the dominant slurrying liquid. This 
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can be accomplished by introducing a diol via conduit 190 as a saturated 
liquid at a temperature which is sufficient to vaporize the water. In one 
embodiment of the invention, the diol in conduit 190 is introduced as a 
saturated or superheated vapor. The diol in conduit 190 is at least one 
5 selected from the group consisting of ethylene glycol, diethylene glycol, n- 
butylene glycol, i-butylene glycol, n-propylene glycol, 1 ,4 butanediol, 
cyclohexanedimethanol, and mixtures thereof. Preferably, the diol in 
conduit 190 is ethylene glycol. Note that within the system shown in figure 
1, a substantially dry carboxylic acid solid is not formed. The primary 

10 advantage in not forming a carboxylic acid dry solid is the elimination of 

solids handling equipment. Examples of solids handing equipment include 
but are not limited to a dryer, convey systems, and silos. 

In other embodiments of this invention step (a), step (b) and step (c) 
can be combined into one zone known as the liquor exchange zone 250 as 

15 shown in figure 2. The liquor exchange zone 250 comprises at least one 
solid-liquid separation device capable of performing the combined function 
of the solid-liquid separation zone 40, the solvent wash zone 80 and the 
water wash zone 120 as previously described. Step (b) and step (c) can 
also be combined into one zone known as the solvent-water liquor 

20 exchange zone 260 as shown in Figure 3. Finally step (a) and step (b) can 
be combined into one zone known as the solvent liquor exchange zone 270 
as show in Figure 4. In each of the above embodiments comprises at least 
one solid-liquid separation device capable of performing the functions of the 
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combined zones as previously described. Examples of devices that can be 
used in the liquor exchange zone 250, or the solvent-water liquor exchange 
zone 260, or the solvent liquor exchange zone 270 included but are not 
limited to, the following type of devices centrifuges, cyclones, filters, and 
such or combination thereof. 
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WE CLAIM: 

1. A process for producing a carboxylic acid/diol mixture, said process 
comprising: 

(a) removing in a liquor exchange zone impurities from a 

5 carboxylic acid slurry to form a water-wet carboxylic acid cake, a mother 
liquor stream, a solvent mother liquor stream, and a solvent/water 
byproduct liquor stream; 

(b) routing said water-wet carboxylic acid cake to a vapor seal 
zone; and 

10 (c) adding at least one diol to said water-wet carboxylic acid cake 

in a carboxylic acid/diol mixing zone to form said carboxylic acid/diol 
mixture. 

2. A process according to claim 1 wherein said carboxylic acid is 
selected from a group consisting of terephthalic acid, isophthalic acid, 

15 naphthalene dicarboxylic acid, trimellitic acid, and mixtures thereof. 

3. A process according to claim 1 or 2 wherein said diol is selected 
from the group consisting of ethylene glycol, diethylene glycol, n-butylene 
glycol, i-butylene glycol, n-propylene glycol, 1,4 butanediol, 
cyclohexanedimethanol, and mixtures thereof. 

20 4. A process according to claim 1 wherein said carboxylic acid/diol 
mixing zone comprises at least one device selected from the group 
consisting of an agitated vessel, a static mixer, a screw conveyor, and a 
PET esterification reactor. 
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5. A process according to claim 1 wherein said carboxylic acid is 
terephthalic acid and said diol is ethylene glycol. 

6. A process for producing a carboxylic acid/diol mixture, said process 
comprising: 

5 (a) removing in a solvent liquor exchange zone impurities from a 

carboxylic acid slurry to form a carboxylic acid cake with solvent, a mother 
liquor stream, and a solvent mother liquor stream; 

(b) adding water in a water wash zone to said carboxylic cake 
with solvent to produce a water-wet carboxylic acid cake and a 

10 solvent/water by product liquor stream; 

(c) routing said water-wet carboxylic acid cake to a vapor seal 
zone; and 

(d) adding at least one diol to said water-wet carboxylic acid cake 
in a carboxylic acid/diol mixing zone to form said carboxylic acid/diol 

15 mixture. 

7. A process according to claim 6 wherein said carboxylic acid is 
selected from a group consisting of terephthalic acid, isophthalic acid, 
naphthalene dicarboxylic acid, trimellitic acid and mixtures thereof. 

8. A process according to claim 6 or 7 wherein said diol is selected 
20 from the group consisting of ethylene glycol, diethylene glycol, n-butylene 

glycol, i-butylene glycol, n-propylene glycol, 1,4 butanediol, 
cyclohexanedimethanol, and mixtures thereof. 
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9. A process according to claim 6 wherein said carboxylic acid/diol 
mixing zone comprises at least one device selected from the group 
consisting of an agitated vessel, a static mixer, a screw conveyor, and a 
PET esterification reactor. 
5 10. A process according to claim 6 wherein said carboxylic acid is 
terephthalic acid and said diol is ethylene glycol. 

11. A process for producing a carboxylic acid/diol mixture, said process 
comprising: 

(a) removing in a solid-liquid separation zone impurities from a 
10 carboxylic acid slurry to form a slurry or cake carboxylic acid product and a 

mother liquor stream; 

(b) removing in a solvent-water liquor exchange zone residual 
impurities from said slurry or cake carboxylic acid product to form a water- 
wet carboxylic acid cake, a solvent mother liquor stream, and a 

1 5 solvent/water byproduct liquor stream; 

(c) routing said water-wet carboxylic acid cake to a vapor seal 
zone; and 

(d) adding at least one diol to said water-wet carboxylic acid cake 
in a carboxylic acid/diol mixing zone to form said carboxylic acid/diol 

20 mixture. 

12. A process according to claim 11 wherein said carboxylic acid is 
selected from a group consisting of terephthalic acid, isophthalic acid, 
naphthalene dicarboxylic acid, trimellitic acid and mixtures thereof. 
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13. A process according to claim 11 or 12 wherein said diol is selected 
from the group consisting of ethylene glycol, diethylene glycol, n-butylene 
glycol, i-butylene glycol, n-propylene glycol, 1,4 butanediol, 
cyclohexanedimethanol, and mixtures thereof. 
5 14. A process according to claim 1 1 wherein said carboxylic acid/diol 
mixing zone comprises at least one device selected from the group 
consisting of an agitated vessel, a static mixer, a screw conveyor, and a 
PET esterification reactor. 

15. A process according to claim 1 1 wherein said carboxylic acid is 
10 terephthalic acid and said diol is ethylene glycol. 

16. A process for producing a carboxylic acid/diol mixture, said process 
comprising the following steps: 

(a) removing a solvent from a slurry or cake carboxylic acid 
product in a solvent-water liquor exchange zone; wherein a substantial 

15 portion of the solvent in said slurry or cake carboxylic acid product is 
replaced with water to form a water-wet carboxylic acid cake; 

(b) routing said water-wet carboxylic acid cake to a vapor seal 
zone; and 

(c) adding at least one diol to said water-wet carboxylic acid cake 
20 in a carboxylic acid/diol mixing zone to form said carboxylic acid/diol 

mixture. 
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17. A process according to claim 16 wherein said carboxylic acid is 
selected from a group consisting of terephthalic acid, isophthalic acid, 
naphthalene dicarboxylic acid, trimellitic and mixtures thereof. 

18. A process according to claim 16 or 17 wherein said diol is selected 
5 from the group consisting of ethylene glycol, diethylene glycol, n-butylene 

glycol, i-butylene glycol, n-propylene glycol, 1,4 butanediol, 
cyclohexanedimethanol, and mixtures thereof. 

19. A process according to claim 16 wherein said carboxylic acid/diol 
mixing zone comprises at least one device selected from the group 

10 consisting of an agitated vessel, a static mixer, a screw conveyor, and a 
PET esterification reactor. 

20. A process for producing a terephthalic acid/diol mixture, said process 
comprising: 

(a) removing in a solvent wash zone residual impurities from a 

15 slurry or cake terephthalic acid product to form a terephthalic acid cake with 
acetic acid; 

(b) removing a substantial portion of a solvent in a water wash 
zone from said terephthalic acid cake with acetic acid to form a water-wet 
terephthalic acid cake; and 

20 (c) routing said water-wet terephthalic acid cake to a vapor seal 

zone; and 
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(d) adding at least one diol to said water-wet terephthalic acid 
cake in a carboxylic acid/diol mixing zone to form said terephthalic acid/diol 
mixture. 

21 . A process according to claim 20 wherein said solvent wash zone 

5 comprises a solid-liquid separation device that is operated at a temperature 
between about 40 °C to about 155 °C. 

22. A process according to claim 21 wherein said water wash zone 
comprises a solid-liquid separation device that is operated at a temperature 
between about 40 °C to about 155 °C. 

10 23. A process according to claim 20 or 21 wherein said adding occurs at 
a temperature between about 40 °C to about 290 °C. 

24. A process according to claim 20 wherein said diol is selected from 
the group consisting of ethylene glycol, diethylene glycol, n-butylene glycol, 
i-butylene glycol, n-propylene glycol, 1,4 butanediol, 

15 cyclohexanedimethanol, and mixtures thereof. 

25. A process according to claim 20 wherein said diol is ethylene glycol. 

26. A process according to claim 20 wherein said carboxylic acid/diol 
mixing zone comprises a device selected from the group consisting of an 
agitated vessel, a static mixer, a screw conveyor, and a PET esterification 

20 reactor. 

27. A process for producing a terephthalic acid/diol mixture, said process 
comprising: 
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(a) removing a solvent from a slurry or cake terephthalic acid 
product in a solvent-water liquor exchange zone; wherein a substantial 
portion of the solvent in said slurry or cake terephthalic acid product is 
replaced with water to form a water-wet terephthalic acid cake; 
5 (b) routing said water-wet terephthalic acid cake to a vapor seal 

zone; and 

(c) adding at least one diol to said water-wet terephthalic acid 
cake in a carboxylic acid/diol mixing zone to form said terephthalic acid/diol 
mixture. 

10 28. A process according to claim 27 wherein said solvent liquor 

exchange zone comprises a solid-liquid separation device that is operated 

at a temperature between about 40 °C to about 155 °C. 

29. A process according to claim 27 wherein said adding occurs at a 

temperature between about 40 °C and 290 °C. 
15 30. A process according to claim 27 wherein said diol is selected from 

the group consisting of ethylene glycol, diethylene glycol, n-butylene glycol, 

i-butylene glycol, n-propylene glycol, 1,4 butanediol, 

cyclohexanedimethanol, and mixtures thereof. 

31 . A process according to claim 27 wherein said diol is ethylene glycol. 
20 32. A process according to claim 27 wherein said carboxylic acid/diol 
mixing zone comprises a device selected from the group consisting of an 
agitated vessel, a static mixer, a screw conveyor, and a PET esterification 
reactor. 
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33. A process for producing a terephthalic acid/diol mixture, said process 
comprising: 

(a) removing in a solvent wash zone residual impurities from a 
slurry or cake terephthalic acid product from a terephthalic acid cake with 

5 acetic acid; wherein said solvent wash zone comprises at least one solid- 
liquid separation device that is operated at a temperature between about 40 
°C to about 155 °C ; 

(b) removing a substantial portion of a solvent in a water wash 
zone from said terephthalic acid cake with acetic acid to form a water-wet 

10 terephthalic acid cake; wherein said water wash zone comprises at least 
one solid-liquid separation device that is operated at a temperature 
between about 40 °C to about 155 °C; 

(c) routing said water-wet terephthalic acid cake to a vapor seal 
zone; and 

15 (d) adding at least one diol to said water-wet terephthalic acid 

cake in a carboxylic acid/diol mixing zone to form said terephthalic acid/diol 
mixture; wherein said adding occurs at a temperature between about 40 °C 
to about 290 °C; wherein said diol is ethylene glycol. 

34. A process for producing a carboxylic acid/diol mixture, said process 
20 comprising: 

(a) removing in a solid-liquid separation zone impurities from a 
carboxylic acid slurry to form a slurry or cake carboxylic acid product and a 
mother liquor stream; 
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(b) adding solvent to a slurry or cake carboxylic acid product in a 
solvent wash zone to said slurry or cake carboxylic acid product to produce 
a carboxylic acid cake with solvent and a solvent mother liquor stream; 

(c) optionally, adding water in a water wash zone to said 

5 carboxylic cake with solvent to produce a water-wet carboxylic acid cake 
and a solvent/water by product liquor stream; 

(d) routing said water-wet carboxylic acid cake or said carboxylic 
acid cake with solvent to a vapor seal zone; and 

(e) adding at least one diol to said water-wet carboxylic acid cake 
10 in a carboxylic acid/diol mixing zone to form said carboxylic acid/diol 

mixture. 

35. A process according to claim 34 wherein said carboxylic acid is 
selected from a group consisting of terephthalic acid, isophthalic acid, 
naphthalene dicarboxylic acid, trimellitic acid and mixtures thereof. 
15 36. A process according to claim 34 or 35 wherein said diol is selected 
from the group consisting of ethylene glycol, diethylene glycol, n-butylene 
glycol, i-butylene glycol, n-propylene glycol, 1,4 butanediol, 
cyclohexanedimethanol, and mixtures thereof. 

37. A process according to claim 34 wherein said carboxylic acid/diol 
20 mixing zone comprises at least one device selected from the group 

consisting of an agitated vessel, a static mixer, a screw conveyor, and a 
PET esterification reactor. 
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38. A process according to claim 34 wherein said carboxylic acid is 
terephthalic acid and said diol is ethylene glycol. 

39. A process for producing a terephthalic acid/diol mixture, said process 
comprising: 

5 (a) removing in a solid-liquid separation zone impurities from a 

terephthalic acid slurry to form a slurry or cake terephthalic acid product 
and a mother liquor stream; 

(b) adding solvent in a solvent wash zone to said slurry or cake 
terephthalic acid product to produce a terephthalic acid cake with solvent 

10 and a solvent mother liquor stream; 

(c) optionally, adding water in a water wash zone to said 
terephthalic acid cake with solvent to produce a water-wet terephthalic acid 
cake and a solvent/water by product liquor stream; 

(d) routing said water-wet terephthalic acid cake or said 
15 carboxylic acid cake with solvent to a vapor seal zone; and 

(e) adding at least one diol to said water-wet terephthalic acid 
cake in a carboxylic acid/diol mixing zone to form said terephthalic acid/diol 
mixture. 

40. A process according to claim 39 wherein said solvent wash zone 

20 comprises a solid-liquid separation device that Is operated at a temperature 
between about 40 °G to about 155 °C. 


-36- 


41 . A process according to claim 40 wherein said water wash zone 
comprises a solid-liquid separation device that is operated at a temperature 
between about 40 °C to about 155 °C. 

42. A process according to claim 39 or 40 wherein said adding occurs at 
5 a temperature between about 40 °C and about 290 °C. 

43. A process according to claim 39 wherein said diol is selected from 
the group consisting of ethylene glycol, diethylene glycol, n-butylene glycol, 
i-butylene glycol, n-propylene glycol, 1,4 butanediol, 
cyclohexanedimethanol, and mixture^ thereof. 

10 44. A process according to claim 39 wherein said diol is ethylene glycol. 
45. A process according to claim 39 wherein said carboxylic acid/diol 
mixing zone comprises a device selected from the group consisting of an 
agitated vessel, a static mixer, a screw conveyor, and a PET esterification 
reactor. 

15 46. A process according to claim 34 or 39 wherein said solvent is added 
counter current to the flow of said slurry or cake carboxylic acid product. 

47. A process according to claim 34 or 39 wherein said water is added 
counter current to the flow of said carboxylic acid cake with solvent. 

48. A process according to claim 46 wherein said water is added counter 
20 current to the flow of said carboxylic acid cake with solvent. 

49. A process according to claim 48 wherein said water wash zone 
comprises from about 2 to about 4 stages of water counter current washes. 


-37- 

50. A process according to claim 46 wherein said solvent wash zone 
comprises from about 2 to about 4 stages of solvent counter current 
washes. 

51 . A process according to claim 47 wherein said water wash zone 
comprises from about 2 to about 4 stages of water counter current washes. 


-38- 

ABSTRACT OF THE INVENTION: 

The present invention relates to a process by which a carboxylic 
acid/diol mixture is obtained from a slurry or cake carboxylic acid product 
5 without isolation of a substantially dry carboxylic acid solid. More 
specifically, the present invention relates to a process by which a 
terephthalic acid/ethylene glycol mixture suitable as a starting material for 
polyester or co-polyester production is obtained from a slurry or cake 
terephthalic acid product without isolation of a substantially dry terephthalic 
10 acid solid. 
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(MM/DD/YYYY) 


Parent Patent Number 
(if applicable) 


□ Additional U.S. or PCT international application numbers are listed on a supplemental priority data sheet attached hereto 


As a named inventor, I hereby appoint the following registered practitJoner(s) to prosecute this application and to transact all 
business in the Patent and Trademark Office connected therewith: 


Name 


Registration 
Number 


Name 


Registration 
Number 


Michael J. Blake 
Betty J. Boshears 
Dennis V. Carmen 
Michael K. Carrier 
Bernard J. Graves, Jr. 


37,096 
33,864 
35,007 
42,391 
33,239 


Eric D. Middlemas 
Polly C. Owen 
Steven A. Owen 
Jonathan D. Wood 


53,325 
44,991 
50,355 
39,076 


□ Additional registered practltioner(s) named on supplemental Registered Practitioner Information sheet attached hereto 


Direct all conespondence to 


Name 


Address 


Address 


City 


Country 


Steven A. Owen 


Eastman Chemical Company 


P.O. Box 511 


Kingsport 


l state I Tennessee 


USA 


I Telephone I (423) 229-5534 


. ZIP I 37662 

Fax I (423)229-1239 


l hereby declare that all statements made herein of my own knowledge are true and that all statements made on information and I belief 
a* Kb£d tc Tbete archer that these statements were made with the knowledge that willful false statements andthe^eso 
mldea^unishable by fine or imprisonment, or both, under 18 USC. 1001 and that such willful false statements may jeopardize the 
validity of the application or any patent issued thereon 


Name of Sole or First Inventor 


□ A petition has been filed for this unsigned inventor 


Given Name (first and middle [if any]) 


Family Name or Surname 


Kenny Randolph 


Parker 


Inventor's 
Signature 


^/vv/vjU f^Ai^A 


Date iS.DcOt 


Residence: City 


Afton 


State 

Tennessee 


Country 


Citizenship 


U.S.A. 


U.S.A. 


Mailing Address 


599 Tyne Gray Road 


City 


Afton 


State 
Tennessee 


ZIP J Country 

376164409 U.S.A. 


E Additional inventors are being named on the 1 supplemental Additional Inventor(s) sheet(s) PTO/SB/02A attached hereto. 


Burden Hour Statement: This form is estimated to take 21 minutes to complete. Tlrnev^vary dependmg upon the needs f^^^'f^ ^SlSSSS^t 
on the amount of time you ere required to complete this form should be sent to the Chief Information Officer, U.SJ Patent and Jrademartc O^Jtepertneni oi 
Scmrne^ro Bo7 1450. Alexandria. VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for 
Patents. P.O. Box 1450, Alexandria. VA 22313-1450. 


Please type a ptus (♦) sign in this box 


► | + 1 PTO/SB/D2A (1 1-00) 

Approved for use through 10/31/2002. OMB 0651-0032 
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a cofl action of information unless it displays a valid OMB control number 


DECLARATION 


ADDITIONAL INVENTOR(S) 
Supplemental Sheet 


Name of Additional Joint Inventor, if any: 

l~l A petition has been filed for this unsigned inventor 

Given Name (first and middle ftf any}) 

Family Name or Surname 

Robert 

Lin 

sTnafure 8 ll</tJ- 7* Date H ? 7*f 


Residence: City 

Kingsport 

State 

Tennessee. 

Country 

U.S. A. 

Citizenship 

U.S.A. 

Mailing Address 

4533 Palomino Drive 

City 

Kingsport 

State 

Tennessee 

ZIP 

37664 

Country 

U.S.A. 

Name of Additional Joint Inventor, if any: 

I I A petition has been filed for this unsigned inventor . 

Given Name (first and middle (if any]) 

Family Name or Surname 

Philip Edward 

Gibson 

Si 9 nature jf^JLjl) £d*jJV^J- /LU*«r- Dat e jL^w^ I 4 /" 


Residence: City 

Kingsport 

State 

Tennessee 

Country 

U.S.A. 

Citizenship 

U.S.A. 

Mailing Address 

2244 Charsley Road S 

City 

Kingsport 

State 

Tennessee 

ZIP 

37660 

Country 

U.S.A. 

Name of Additional Joint Inventor, if any: 

n A petition has been filed for this unsigned inventor 

Given Name (first and middle [if any]) 

Family Name or Surname 



Inventor's 

Signature Date 


Residence: City 

State 

Country 

Citizenship 

Mailing Address 

City 

State 

ZIP 

Country 
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Burden Hour Statement: This form Is estimated to take 21 minutes to complete. Time will vary depending upon the needs of the Individual case. Any comments 
on the amount of time you are required to complete this form should be sent to the Chief Information Officer. U.S. Patent and Trademark Office. Department of 
Commerce P.O. Box 1450. Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for 
Patents. P.O. Box 1450. Alexandria. VA 22313-1450. 


